The regular life process of advanced plants (such as: eruption of seeds, growing and senescence of plant strain and abscission of some organism) is controlled by its intrinsic hormones. Abscisic acid (ABA, Scheme 1) which is also called Abscission II, is an important plant intrinsic hormones, which is often used in studding the plant tissue differentiation and tissue culture. Its main function is to control the on-off of stoma. In short, it has an important physiological function. ABA is transformed by carotenoid, which is synthesized in cells; also rare-earth elements can influence this synthesis procedure and show important function. Thus, the analysis of ABA can provide important data for studies of rare-earth elements in plants. However, the contents of plant hormones are trace amounts (about 10 -9 -10 -7 times for fresh tissue weight 1 ) and because there is much interference from other compounds people have some difficulty in their extraction separation and quantitative determination. Developing a sensitive, selective and simple method for the determination of ABA is urgent.
Introduction
The regular life process of advanced plants (such as: eruption of seeds, growing and senescence of plant strain and abscission of some organism) is controlled by its intrinsic hormones. Abscisic acid (ABA, Scheme 1) which is also called Abscission II, is an important plant intrinsic hormones, which is often used in studding the plant tissue differentiation and tissue culture. Its main function is to control the on-off of stoma. In short, it has an important physiological function. ABA is transformed by carotenoid, which is synthesized in cells; also rare-earth elements can influence this synthesis procedure and show important function. Thus, the analysis of ABA can provide important data for studies of rare-earth elements in plants. However, the contents of plant hormones are trace amounts (about 10 -9 -10 -7 times for fresh tissue weight 1 ) and because there is much interference from other compounds people have some difficulty in their extraction separation and quantitative determination. Developing a sensitive, selective and simple method for the determination of ABA is urgent.
There are many σ-bonds in its molecule structure (Scheme 1). The molecule usually tightly binds electrons engaged in σ-bonding. Consequently, much energy is required to promote these electrons to vacant molecular orbitals. This means that the molecule electronic spectra involve σ-electron transitions well into the vacuum ultraviolet, and are not of interest in conventional luminescence spectroscopy, which is concerned with the general region between the near ultraviolet and the near infrared (i.e. 200 -1000 nm). That is to say, σ-bond cannot form fluorescence emission because it can circumvolve freely and cannot keep its plane stiffness, which is the most important condition causing the fluorescence emission. 2 Thus, a fluorescence method of ABA analysis has never been developed.
Typical methods for the determination of ABA have involved TLC, 3 HPLC, 4 LS-MS, 5 CZE (capillary zone electrophoresis), 6 and spectrophotometer 7 (1993 -1998) . We discovered that an ABA solution (dissolved in 50% ethanol and water) had no fluorescence emission. However, when concentrated H2SO4 was present, it formed a fluorescent compound (λex = 373 nm, λem = 486 nm). Based on this fluorescence, we studied the influence of 12 surfactants on this system and discovered that Triton X-405 had the greatest enhancement effect (3.3-times greater that in its absence). Several fluorescence compounds (80-fold of 10 µg ABA) (tryptophan (Trp), phenylalanine (Phe) and lysine (Ly)) did not interfere.
Experimental

Apparatus
An M-850 fluorescence spectrophotometer (Hitachi, Japan) was used; the cell dimensions were 1 × 1 × 4 cm 3 , and the slit width was 10 nm.
Reagents
All chemicals were of analytical grade and redistilled water was used throughout.
ABA standard solution: A stock solution (100 µg ml -1 ) was prepared by dissolving 0.0100 g of ABA in a small amount of 95% ethanol and diluting to 100 ml with water. This solution was diluted to 10 µg ml -1 with water to give a working solution.
Triton X-405 standard solution (3.0% v/v) was prepared by dissolving 3.0 ml of Triton X-405 in 100 ml of water in a volumetric flask. All other surfactant solutions (3%) were prepared in the same way.
H2SO4 (A.R.): Concentrated H2SO4 was used directly.
Recommended procedures
We took 1.0 ml of an ABA working solution into a 25.0 ml volumetric tube, and then added 2.5 ml of concentrated H2SO4 and 1. 
Results and Discussion
Effect of surfactants
The effects of adding 12 surfactants are listed in Table 1 . The maximum fluorescence enhancement was obtained by adding Triton X-405 (3.3-times that in the absence of a surfactant).
The results indicate that some non-ionic and anionic surfactants had a stronger enhancement effect than the system in which there was no surfactant presente, but cationic surfactants had a poor enhancement effect. The order of effectiveness was Triton X-405 > sodium dodecyl sulfate (SDS) > Triton WR1335 > Triton N-101 > cetylpyridinium chloride (CPC) > poly(vinyl alcohol) (PVA) > cetylpyridinium bromide (CPB) > Triton X-200 > Triton X-305 > tetradecylpyridinium chloride (TPC). Triton X-100 and hexadecyltrimethyl ammonium bromide (CTMAB) had no enhancement effect.
According to references, 8, 9 when [SF] (surfactant concentration) > [CMC] (critical micelle concentration), a micelle can be formed. The CMC of the surfactant is lower; the speed of forming a micelle is faster. Salt can reduce the CMC of anionic and cationic, but cannot reduce that of a nonionic surfactant. However in our system, no salt was necessary, because of the strong acidity of concentrated H2SO4. Thus, the CMC of anionic and cationic surfactants could not be reduced herein by salts, and non-ionic surfactants had a lower CMC than that of anionic and cationic surfactants under the same condition. Because Triton X-405 had the smallest CMC value of all the non-ionic surfactants (CMC values were measured with a noted method 10 ), it had the maximum fluorescence enhancement under this condition. Thus, Triton X-405 was used in the following experiments.
Effect of organic solvents
Eleven organic solvents (each of 5 ml in 10 ml of solution) (dimethyl formamide, dimethyl sulfoxide, ethanol, dioxane, methanol, acetone, isobutanol isopropanol, ethylene glycol methyl ether, CCl4, CHCl3) were added in the ABA-H2SO4 (conc.)-Triton X-405 system. The results indicated that almost all of them decreased or completely quenched the fluorescence. Water was used as the only solvent in subsequent experiments.
Effect of the volume of concentrated H2SO4 and Triton X-405 solutions
The results indicated that 2.5 ml of concentrated H2SO4 and 1.5 ml of 3.0% Triton X-405 solution gave the maximum fluorescence intensity.
Effect of heating and measuring temperature and time
The results indicated that when the ABA-H2SO4 (conc.)-Triton X-405 system was heated on a boiling water bath for 10 min. The ABA-concentrated H2SO4 system should be heated for 35 min. The fluorescence intensity was measured at room temperature after it was cooled by flowing water and later standing for 25 min maximum fluorescence intensity was achieved.
Effect of diverse compounds
The tolerance limits for some ions and compounds in the determination of 10 µg of ABA by the described procedure were studied. When the relative error was less than ±5%, no interference was encountered from 1000-weight ratios of Na + , K + , Ca 2+ , Cl -, Br -; 80-fold of L-lysine (Ly), D,L-phenylalanine (Phe), L-tryptophan (Trp), proline (Pro), serine (Ser), cholesterol, 6-benzylacleine, leucine (Leu), trypsin, Vitamin B2 Vitamin B6; 50-fold kinetin, tyrosine (Tyr), gibberellic acid also did not interfere. Only 50-fold 3-indolylacetic acid (IAA) had a serious interference in the determination of ABA. However, in a large number of plants, the IAA content was only half that ABA. We supposed that the high selectivity was due to the presence of H2SO4 (conc.).
Calibration graph and detection limit
A linear calibration graph was obtained for 0.31 -3500 ng ml -1 ABA when the recommended procedure was used. (∆F = 2.53C + 15.385, r = 0.9968, n = 8). The detection limit, defined as the minimum concentration of the analyte that can be detected and differentiated from the blank, is given by the following equation: [11] [12] 
where K is a numerical factor chosen according to the confidence level desired (a value of 3, as recommended, corresponds to a confidence level of 99%), Sb1 is the standard deviation of the blank measurements, and S is the slope of the calibration graph.
Mechanism
It is possible that ABA was oxidized by H2SO4 (conc.) in a strong acidity to form a fluorescent compound, the identity was not known. Triton X-405 formed a micelle that protected the excitated singlet and caused an increase of fluorescence intensity. 13, 14 
Recovery
The recoveries, three measurements of 10.0 µg of ABA were 94%, 96%, and 95%, showing the good reproducibility and accuracy of the measurements.
Conclusion
The results indicted that this method is a very simple one, which is also sensitive, and selective enough to meet extensive requirements for ABA determination. 
